U.S.C. § 355(d).
For more than ten years, therefore, FDA has had explicit statutory authority to find a new drug effective based on data from a single trial plus "confirmatory evidence." FDA has not issued guidance specifically addressing FDAMA section 115(a), but has issued guidance on the characteristics of a clinical trial that make it "sufficient to establish effectiveness" under section 505(d). FDA has also emphasized that reliance on data from a single trial to find effectiveness is appropriate only for a drug with an effect on mortality, irreversible morbidity, or a disease with potentially serious outcomes, so that confirmation of the results in an additional trial would be practically or ethically impossible. FDA has further asserted that finding effectiveness based on data from a single trial would generally not be appropriate for a drug that provides only symptomatic benefit.
FDA had approved drugs on the basis of one trial even before FDAMA was enacted. Indeed, portions of the legislative history for section 115(a) indicate that it primarily codified FDA's practice regarding approval based on a single clinical trial and preserved the agency's discretion to determine when such approvals would be appropriate. Some of the legislative history and comments of legislators both during and after enactment, however, suggest that FDAMA was intended to change FDA's practice and make approval based on one clinical trial more routine. In particular, a House report on the legislation states that FDAMA section 115(a) was intended to apply to all drugs, including those that are not for serious or lifethreatening diseases. The agency nevertheless has asserted that, as a general rule, data from two clinical trials are still necessary to demonstrate effectiveness under section 505.
To evaluate the frequency with which FDA approves new drugs based on effectiveness data from one clinical trial, we researched the relevant statutory background and FDA guidance, and also reviewed new drug approvals since FDAMA was enacted to determine how many were based on effectiveness data from one clinical trial. Out of 394 products approved from 1998 to 2011, 30 were approved on the basis of effectiveness data from only one clinical trial.
I. STATUTORY BACKGROUND

A. THE SECTION 505(d) REQUIREMENT FOR "SUBSTANTIAL EVIDENCE" OF EFFECTIVENESS
FDA was first given explicit statutory authority to review new drugs for effectiveness with the Drug Amendments of 1962 . See Pub. L. No. 87-781, § 102, 76 Stat. 780, 781 (1962 . As amended by this legislation, section 505(d) of the FDCA requires FDA to find "substantial evidence" of a new drug's effectiveness before it can be marketed. See 21 U.S.C. § 355(d). The statute defines "substantial evidence" as: evidence consisting of adequate and well-controlled investigations, including clinical investigations, by experts qualified by scientific training and experience to evaluate the effectiveness of the drug involved, on the basis of which it could fairly and responsibly be concluded by such experts that the drug will have the effect it purports or is represented to have under the conditions of use prescribed, recommended, or suggested in the labeling or proposed labeling thereof.
Id. FDA has defined the characteristics of "adequate and well-controlled" investigations, which include "a clear statement of the objectives of the investigation" and a description of the proposed and actual methods of analysis; "a design that permits a valid comparison with a control"; methods to assure that appropriate subjects are selected; and methods to minimize bias. See 21 C.F.R. § 314.126(b).
B. FDA'S INTERPRETATION OF SECTION 505(d) "ORDINARILY" TO REQUIRE DATA FROM TWO OR MORE TRIALS
In the first regulations promulgated under amended section 505(d), FDA interpreted the provision "ordinarily" to require data from two or more clinical trials to show efficacy:
Ordinarily, the reports of clinical studies will not be regarded as adequate unless they include reports from more than one independent, competent investigator who maintain [sic] adequate case histories of an adequate number of subjects, designed to record observations and permit evaluation of any and all discernible effects attributable to the drug in each individual treated and comparable records on any individuals employed as controls.
28 Fed. Reg. 6377, 6378 (June 20, 1963) (then codified at 21 C.F.R. § 130.4(c)(1)(ii)) (emphasis added). 3 In congressional testimony in the 1970s, FDA's Chief Counsel construed this language to mean that two clinical trials were ordinarily required, but also stated that "two clinical trials is not a rigid requirement." Use of Advisory Committees by the Food and Drug Administration: Hearings Before the Subcomm. on Intergovernmental Relations of the H. Comm. on Gov't Operations, 93d Cong. 122 (1974) (statement of Peter Barton Hutt, Chief Counsel, FDA) . Similarly, when FDA revised its procedures for hearings available to applicants whose new drug applications (NDAs) were denied, it provided that hearings would be denied on a summary basis only when "no adequate and well-controlled clinical investigations . . . showing effectiveness have been identified." 39 Fed. Reg. 9750, 9763 (Mar. 13, 1974 ) (emphasis added) (then codified at 21 C.F.R. § 130.14(g)(1)); see also 21 C.F.R. § 314.200(g)(1) (current regulation).
At the same time, however, FDA indicated that it might change its policy to require data from two trials in all cases. The preamble to the revised hearing procedure regulations explained:
The Commissioner is considering whether the regulations should be changed to require, in all instances, at least two studies by independent investigators . . . before a drug may be regarded as proved effective. Pending any such requirement, the submission of a single study showing effectiveness . . . will be sufficient to preclude immediate summary judgment.
39 Fed. Reg. at 9755 (emphasis added).
In 1979, FDA referred to plural "investigations" in section 505(d) as the statutory basis for its general "requirement" of data from at least two trials to demonstrate effectiveness. 44 Fed. Reg. 51512, 51518 (Aug. 31, 1979) . This reference came in the context of the agency's ruling that the nonprescription drug Benylin (diphenhydramine hydrochloride) had not been shown to be effective in part because the drug manufacturer had not submitted data from two clinical trials in the target population. Id. at 51516-20. Since the Benylin order was issued, FDA has continued to refer to the term "investigations" as the source of its authority to require data from two or more trials to demonstrate effectiveness. See, e.g., The Regulation of New Drugs by the Food and Drug Administration: The New Drug Review Process: Hearings Before the Subcomm. on Intergovernmental Relations of the H. Comm. on Gov't Operations, 97th Cong. 437 (1982) [hereinafter The Regulation of New Drugs by the FDA] (statement submitted by Dr. Arthur Hayes, Comm'r, FDA); Clinical Evidence of Effectiveness Guidance, supra note 3, at 3. 4 FDA's position was expressly grounded in the principle of replication. In the Benylin order, FDA stated that its policy was "founded upon a basic proposition of science that an experiment must be reproducible in order for the results to be considered valid." See 44 Fed. Reg. at 51518. In 1982, FDA Commissioner Dr. Arthur Hayes appeared before the House of Representatives and submitted a statement that further described this rationale:
As a general rule, FDA policy requires at least two adequate and well-controlled studies to support the effectiveness of an approved indication for a new drug. This policy is based on the established scientific principle that experimental data usually need to be replicated in order to be credible. Replication helps assure that the experimental findings are not simply attributable to chance, and are not dependent upon particular conditions imposed by a particular experimental situation or investigator. 4 We have identified no reported case involving the validity of FDA's position that data from two trials are generally required to support new drug approval under FDCA section 505. Several cases have affirmed other aspects of FDA's interpretation and application of the FDCA's standard for effectiveness. See, e.g., Weinberger v. Hynson, Westcott & Dunning Inc., 412 U.S. 609, 617-19 (1973) (upholding FDA's regulations defining "adequate and well-controlled investigations"); Warner-Lambert Co. v. Heckler, 787 F.2d 147, 154-155 (3d Cir. 1986 ) ("The Act does not define 'effectiveness,' thus leaving the task of deciding how effective a new drug must be to the agency to which Congress delegated enforcement. . . . The Commissioner's interpretation of the statute as requiring a showing of clinical significance, rather than merely statistical significance, is persuasive . . . ."). The Agency does not believe that the law requires more than one study in every conceivable case . . . and FDA has recognized the narrow exceptions to a strict two-study policy when compelling circumstances arise. For example, last November FDA approved the drug timolol for the prevention of cardiovascular death in patients who had recovered from acute myocardial infarction (heart attack). In that instance, the Agency was presented with data from a large multi-center but, nonetheless, single trial. The study appeared to be well conducted, involved almost 2,000 patients, and had clear cut results which were highly statistically significant. Because the drug was intended to prevent death, and because ethical problems would have been presented had additional controlled studies been required, FDA believed the available data from the single study constituted substantial evidence of effectiveness for the indication.
5
The Regulation of New Drugs by the FDA, supra, at 437; see also Clinical and Statistical Guidance, supra, at 15 (the timolol trial demonstrated a "major effect on mortality" and "was very persuasive because of excellent design, minimal or no problems during execution of the study, and a high degree of statistical significance"); Clinical Evidence of Effectiveness Guidance, supra note 3, at 12 (the timolol trial was a "particularly persuasive (low p-value), internally consistent, multicenter study that demonstrated a major effect on mortality and reinfarction rate" and " [f] or ethical reasons, . . . was considered unrepeatable").
FDA subsequently rejected a request to find a drug effective under section 505
5 Commissioner Hayes appears to have been referring to the approval of Blocadren (timolol maleate) in November 1981. It appears, however, that another timolol product-Timoptic (timolol maleate)-had already been approved in August 1978, so that there might have been more clinical trial data demonstrating timolol's effectiveness than are referred to here. See FDA, Drugs@FDA, http://www.accessdata.fda.gov/scripts/cder/drugsatfda/. based on data from one trial where the drug was intended for relief of symptoms. In a 1985 decision withdrawing NDA approvals for a number of oral proteolytic enzyme drugs, FDA stated:
There have been a few drugs approved on the basis of one adequate and well-controlled study. . . . [T] hese approvals have been limited to situations where (1) the disease is very rare and it is extremely difficult to obtain subjects for two studies; (2) the disease process is expensive to study experimentally; (3) the study conducted is very large and multi-centered; and (4) the disease is rapidly fatal and there is no alternative therapy.
Commissioner's Final Decision Withdrawing Approval of New Drug Applications for Five Oral Proteolytic Enzymes, FDA Docket No. 75N-0139, slip op. at 24 (May 30, 1985) . FDA ruled that there was "no reason to relax the two study requirement" for the drugs at issue because they were labeled to treat inflammation, edema, ecchymosis (bruising), and pain, which conditions were "clearly not rare, rapidly fatal, or expensive to study," and because no trial submitted was large or multi-centered. Id.; see also Deprol®; Final Decision Following Formal Evidentiary Public Hearing, 58 Fed. Reg. 50929, 50936 (Sept. 29, 1993) ; Cyclospasmol®; Final Decision on Proposed Withdrawal of Approval of New Drug Application, 61 Fed. Reg. 64099, 64101 (Dec. 3, 1996) .
Public scrutiny of FDA's approach to the drug approval process increased around this time, prompted in part by concerns that the agency was approving drugs for AIDS and cancer too slowly. See generally S. REP. NO. 105-43, at 6-10 (1997) . FDA responded with internal reforms, including regulations allowing "accelerated approval" of certain new drugs for serious or life-threatening illnesses. See 57 Fed. Reg. at 58942. In the preamble to those regulations, FDA specifically addressed the situations in which effectiveness could be established on the basis of data from one trial. FDA reiterated that the FDCA and "good science" typically "require" at least two trials, but noted that drugs had been approved on the basis of one trial in circumstances like those described by Commissioner Hayes in 1982. Specifically, FDA noted that approval based on one trial had occurred where "the study was of excellent design, showed a high degree of statistical significance, involved multiple study centers, and showed some evidence of internal replicability, e.g., similar effects in major study subsets." Id. at 58948.
FDA made a similar statement three years later in response to "the assertion, by some industry officials, that the act not be interpreted as requiring multiple clinical studies when one 'pivotal' study could suffice. 60 Fed. Reg. at 39181. FDA stated that replication of results could be accomplished "in some instances . . . within one large, well-designed, multi-center study," but also emphasized that "this approach can be successful only when results are strong. . . . A statistically marginal result, even in a very large study, cannot provide convincing evidence without replication." Id. FDA again cited timolol as an example of a drug approved on the basis of one trial, as well as dornase alfa for the treatment of cystic fibrosis and zidovudine (commonly referred to as AZT) for AIDS. Id.
Throughout this period, FDA continued to emphasize that data from two trials would "ordinarily" be required. See id.; Clinical and Statistical Guidance, supra, at 15. In the 1988 Clinical and Statistical Guidance, FDA stated that data from a "particularly persuasive" trial could be accepted as evidence of effectiveness in some cases, but such cases "are unusual and an applicant seeking to invoke these exceptional circumstances must provide strong support for this position." Clinical and Statistical Guidance, supra, at 15.
D.
ENACTMENT 1995 , 104th Cong., 1st. Sess., § 6 (1995 . According to the report on the Senate bill, this language was intended to provide FDA with "statutory flexibility" and to "confirm[] the current FDA interpretation that substantial evidence may, as appropriate, consist of data from one adequate and well-controlled clinical investigation and confirmatory evidence." S. REP. NO. 104-284, at 4, 38 (1996) .
One of the House bills would have changed the definition of "substantial evidence" to mean evidence from "one or more" clinical trials. See Drug and Biological Products Reform Act of 1996, H.R. 3199, 104th Cong., 2d Sess., § 5(1) (1996) . The bill, as well as the Senate bill, would have also given FDA discretion to waive the requirement for adequate and well-controlled investigations altogether. Id. § 5(2); S. 1447 § 602.
In testimony before the Senate and the House, Dr. Carl Peck, former CDER Director, stated that FDA had made a "logical and appropriate advance . . . in response to public epidemics of life-threatening and rare diseases" by approving drugs for AIDS, cancer, and other serious or life-threatening conditions on the basis of "fewer trials and more extensive evaluation of all of the information contained in the NDA." Revitalizing New Product Development from Clinical Trials through FDA Review, supra, at 155-56 (prepared statement submitted by Carl Peck, MD, Dir., CDDS, Georgetown Univ. Med. Ctr.); see also FDA Reform Legislation: Hearing Before the Subcomm. on Health & Env't of the H. Comm. on Commerce, 104th Cong. 304-05 (1996) (same). Dr. Peck also asserted, however, that these actions had generated controversy and that FDA needed "statutory authority expressing the will of Congress to ratify non-traditional procedures." See Revitalizing New Product Development from Clinical Trials through FDA Review, supra, at 155. According to him, a rigid requirement of two trials was "scientifically out of place" because the need to develop drugs to treat "desperate conditions" was as important as protecting the public against possibly harmful drugs. Id. at 156. FDA expressed concern over the "one or more" language. In a prepared statement, FDA Commissioner Kessler wrote:
The Agency's current presumption is that, for pharmaceuticals, ordinarily, replicated evidence is expected, but FDA, in particular circumstances (i.e., where a single study offers internal evidence of consistency of the product's effectiveness), may rely on a single adequate and well-controlled trial. The [proposed legislation], on its face, does not appear to change that presumption. However, we understand that its purpose is to create a presumption that one adequate and well controlled trial will be sufficient for purposes of approving a new drug.
The Agency strongly opposes a change that would eliminate the replication requirement for drug approval. It is a basic tenet of science that data can be considered reliable only if, when an experiment is run for the second time, it produces the same findings and observations that it produced the first time. The American public deserves to receive drugs that have been tested according to well accepted scientific principles.
FDA Reform Legislation, supra, at 36-37.
In testimony, Dr. Kessler emphasized that "the real issue is whether there is reproducibility in the trial. . . . [T]he issue is not one or two, because trials today are developed in complex ways, and they are multicentered." Revitalizing New Product Development from Clinical Trials through FDA Review, supra, at 13 (testimony of Dr. Kessler); see also id. at 30 (testimony of Dr. Woodcock) ("Efficacy can be proven by a single trial in some cases where there is a definitive result and where it is replicated across many centers."). One representative from a patient advocacy organization also testified that FDA's current policy was sufficient and that a change to the statutory standard was unnecessary. See id. at 76, 179-80 (testimony of and prepared statement submitted by Derek Link, Assistant Dir., Gay Men's Health Crisis).
Ultimately, none of the proposed legislation passed in the 104th Congress.
Passage of FDA Reform Legislation in the 105th Congress
Industry and Congress continued to show interest in broad-ranging agency reform during the 105th Congress, including codification of the agency's authority to approve new drugs on the basis of efficacy data from one trial. See PhRMA FDA Reform Proposal for 1997 Drops Summary Data & Default Approval Provisions, THE PINK SHEET, Jan. 7, 1997, at 3; PhRMA and BIO Continue to Seek Independence of FDA Advisory Committees in Reform Proposal, THE PINK SHEET, Apr. 14, 1997, at 5.
In Congressional hearings, an industry representative took the position that FDA routinely accepted data from one trial with adequate supporting evidence for approval of biological products, but required two trials for drugs, and that there was "no justification in science or logic for this difference. The Clinton Administration, Ranking Minority Member of the Senate Committee on Labor and Human Resources Edward Kennedy, and patient groups expressed concern that this language would overly weaken FDA's standard for effectiveness by diluting its requirement for confirmatory trials. See "Substantial Evidence" Definition Likely to Be Debated at Labor Cmte. FDA Reform Mark-Up June 18, THE PINK SHEET, June 16, 1997, at 3 [hereinafter "Substantial Evidence" Definition Likely to Be Debated]. Senator Kennedy therefore proposed language intended to retain "two clinical investigations as the presumptive evidentiary standard" while clarifying the opportunity for "flexibility" in approving new drugs on the basis of one trial. Id. (quoting committee summary of proposed amendments).
In contrast, Committee Chairman James Jeffords proposed a substitute that would have changed the definition of "substantial evidence" to require "one or more" clinical investigations, with "appropriate supporting scientific evidence" also required at the agency's discretion. Id. Committee member Bill Frist also supported an amendment intended to discourage the presumption that multiple trials are necessary for new drug approval. Id. drugs and biological products are the same. In 1998, Dr. Woodcock asserted that "the perception that CBER products might require only a single trial comes from the fact that many of these are very serious or life threatening diseases . See S. 830, 105th Cong. § 409(b) (July 1, 1997); "Substantial Evidence" Definition Likely to Be Debated, supra. When introducing the amended bill, Chairman Jeffords explained that the change in language had been made to address Secretary Shalala's concerns. He said:
Key changes have been made . . . to assure that there is not a presumption of less than two well-controlled and adequate investigations, while guarding against the rote requirement of two studies. We made it very clear you don't have to do two, although it is quite acceptable for you to do two, but you shouldn't look at as being required. It is not necessary.
143 CONG. REC. at S8163; see also id. at S8879, S8894-95 (statements of Sen. Jeffords) ("FDA would retain total discretion to require a sufficient number of trials to show safety and efficacy."). The trade press also reported that the new language was adopted at Kennedy's insistence that FDA retain discretion to determine when one trial is sufficient. HHS Clinical Trial Databank Would Exempt Industry from Disclosures Interfering with Enrollment Under Dodd Amendment, THE PINK SHEET, June 23, 1997, at 13.
In the report accompanying the revised legislation, the committee described the new language as a "clarification" that "confirmed" FDA's current interpretation of the substantial evidence requirement:
The committee believes that the science and practice of drug development and clinical evaluation have evolved significantly in the past 35 years, and this evolution has implications for the amount and type of data needed to support effectiveness in certain cases. Modern clinical trial design often utilizes multiple investigators, multiple study sites, randomization, large enrollment numbers, statistical power, controls, clinical endpoints and other mechanisms that can demonstrate the reproducibility underlying FDA's request for two or more separate studies for each new drug and/or indication. Therefore, it is the committee's understanding that independent substantiation is the scientific basis underlying FDA's substantial evidence requirements.
The FDA usually interprets the requirement to demonstrate substantial evidence of effectiveness to require two adequate and well-controlled clinical studies, but has shown flexibility and approved some drugs on the basis of one adequate and wellcontrolled clinical study. Given scientific advancement in the past 35 years and the promise of further advancement, it is the committee's belief that the structure of a particular clinical protocol and the quality of the data underlying a new drug application should guide FDA's substantiation requirements. Therefore, the legislation confirms the current FDA interpretation that substantial evidence may, as appropriate, when the Secretary determines, based on relevant science, consist of data from one adequate and well-controlled clinical investigation and confirmatory evidence (obtained either before or after the investigation). 
.").
Committee member Patty Murray expressed concern about the provision in an additional view provided in the report:
Despite the many positive improvements, the current draft of the pending legislation has some serious flaws and I am concerned that in an effort to reform and revitalize the FDA, we weaken their role as a public health agency. Despite modifications, I am still concerned about some of the proposed changes on substantial evidenc [sic]-we simply cannot and should not act to limit the ability of the FDA to require comprehensive clinical trials. I believe that the current Guidance Document that governs FDA practices does offer each investigator the "guidance" necessary to determine the number of clinical trials necessary-I am still not convinced that the proposal before us today will actually clarify, but rather limit the ability of FDA to require two trials in order to replicate science. § 110(a) (Oct. 7, 1997).
In the report accompanying the bill, the House Committee on Commerce explained that this language was largely intended to "codify" FDA's current practice. The report also emphasized, however, that FDA's approval standard should be the same for drugs that "are and are not for serious and life-threatening disease":
[Revised section 505(d)] authorizes the FDA, in its discretion, to approve an NDA on the basis of one adequate and well-controlled clinical investigation and confirmatory evidence . . . . The FDA will also retain its inherent administrative discretion to waive this requirement completely, as it has done in the past, where it would be unethical or unnecessary.
The FDA has itself recognized in recent guidance that substantial evidence of effectiveness may consist of one adequate and well-controlled investigation and confirmatory evidence consisting of earlier clinical trials, pharmacokinetic data, or other appropriate scientific studies. The Committee agrees that the quality of the data and information available about a drug, rather than the number of studies performed, should determine the standard for FDA approval of a new drug. Authorizing the FDA to approve a drug on the basis of one well-controlled investigation will reduce the number of patients required to undergo clinical trials and the possibility of receiving a placebo; reduce the cost of drug development, and thus, the ultimate cost of a new drug to the public; reduce the total time needed to obtain FDA approval of a new drug; increase the number of new drugs that can be investigated; and thus speed the development and availability of important new drugs to help improve the public health.
The codification applies to all drugs, including those that are and are not for serious and life-threatening disease. Each disease is important to those who suffer from it, and every disease has a debilitating effect both on the patient and on the family and caretakers. This statutory standard will assure that the rights of all patients are recognized in the development of new drugs intended to alleviate their suffering. There is no scientific or public health basis for imposing different standards for approval of drugs for different categories of diseases.
H.R. REP. NO. 105-310, at 67-68 (1997) (emphasis added).
The differences between the House and Senate versions were then resolved in conference. No additional changes were made to the proposed language to be added to section 505(d), and there was no further reference to the provision in the conference report. See H.R. REP. NO. 105-399 (1997) 
Statements of Legislators After Enactment
In contrast to the Senate and House reports, Senator Jeffords said several months after FDAMA was passed that section 115(a) was intended to change agency practice and to make acceptance of data from a single clinical trial for approval routine. According to the trade press, he said, "We expect that FDA will move away from the rote assumption that every product application must have two clinical trials. . . . [The message of the FDAMA provision] must be reflected by a change in the day-to-day functioning of the agency." Single Pivotal Trial Provides Adequate Approval Basis-Jeffords, THE PINK SHEET, June 15, 1998, at 24.
Similarly, several years after FDAMA was passed, Representative Richard Burr wrote that FDA had not implemented section 115(a) aggressively enough. He wrote that FDA should "intensify implementation" of the provision, noting that "there continues to be a lack of consistency between and within FDA centers regarding the definition of confirmatory evidence as it relates to single clinical trial approvals. The lack of consistency leads to mixed messages to the industry which in turn dulls the goals of Section 115(a 
II. FDA GUIDANCE
Just before the FDA reform legislation was introduced in the 105th Congress, FDA had issued a draft guidance for industry titled, "Providing Clinical Evidence of Effectiveness for Human Drug and Biological Products." See 62 Fed. Reg. 13650 (Mar. 21, 1997) . The draft guidance identified characteristics of a single trial that could make it sufficient to demonstrate effectiveness, similar to those articulated by Commissioners Hayes and Kessler in their congressional testimony in 1982 and 1996. The four characteristics were: large size with a multicenter design; multiple "studies" in a single study (such as prospective stratifications or identified analytic subsets based on variables such as disease severity, geographic residence, or demographic characteristics); use of multiple endpoints involving beneficial but different effects; and statistically very powerful findings. FDA, Guidance for Industry: Providing Clinical Evidence of Effectiveness for Human Drug and Biological Products 13-15 (Draft March 1997), available at http://web.archive.org/web/19970505100418/http://www.fda.gov/cder/guidance/evidence.pdf. The guidance also noted that reliance on a single study would generally be limited to situations involving an effect on mortality or irreversible morbidity, or prevention of a disease with potentially serious outcomes, such that confirmation of the results in a second trial would be ethically difficult or impossible. Id. at 13.
Shortly after FDAMA section 115(a) became law, FDA finalized the guidance. See 63 Fed. Reg. 27093 (May 15, 1998) . In the guidance, FDA reiterated that section 505(d) originally was intended to require data from at least two adequate and well-controlled trials and reaffirmed that it had relied on one trial to support approval "generally only in cases in which a single multicenter study of excellent design provided highly reliable and statistically strong evidence of an important clinical benefit, such as an effect on survival, and a confirmatory study would have been difficult to conduct on ethical grounds." Clinical Evidence of Effectiveness Guidance, supra note 3, at 3.
The guidance also states that the "usual requirement for more than one adequate and well-controlled investigation reflects the need for independent substantiation of experimental results." Id. at 4. It also lists several problems with clinical trials that are addressed by independent substantiation:
• Unanticipated, undetected, systematic biases that might lead to flawed conclusions;
• Inherent variability in biological systems that might produce a positive trial result by chance alone;
• Site-or investigator-specific factors such as disease definition, concomitant treatment, and diet that might lead to results that are not generalizable to the intended population; and
• Rare instances of scientific fraud.
Id. at 4-5. The guidance recognizes that statistical, methodological, and other safeguards can mitigate these problems, but asserts that such safeguards are "often inadequate" to address them in a single trial. Id. at 5. "Independent substantiation of experimental results addresses such problems by providing consistency across more than one study, thus greatly reducing the possibility that a biased, chance, site-specific, or fraudulent result will lead to an erroneous conclusion that a drug is effective." Id. The guidance also provides that "replication" might not be the best term for the type of substantiation needed because "[p]recise replication of a trial is only one of a number of possible means of obtaining independent substantiation of a clinical finding and, at times, can be less than optimal as it could leave the conclusions vulnerable to any systematic biases inherent to the particular study design." Id.
The guidance also recognizes, however, that the "science and practice of drug development and clinical evaluation have evolved significantly since the effectiveness requirement for drugs was established, and this evolution has implications for the amount and type of data needed to support effectiveness in certain cases." Id. at 2. The guidance specifically addressed the situation "in which a single multicenter study, without supporting information from other adequate and well-controlled studies, may provide evidence that a new drug is effective." Id. at 6. FDA noted that "reliance on a single study of a given use . . . leaves little room for study imperfections or contradictory (nonsupportive) information. In all cases [addressed by the guidance], it is presumed that the single study has been appropriately designed, that the possibility of bias due to baseline imbalance, unblinding, post-hoc changes in analysis, or other factors is judged to be minimal, and the results reflect a clear prior hypothesis documented in the protocol." Id.
Like the draft, the final guidance identifies several characteristics of a single trial that can make it sufficient to demonstrate effectiveness. The final guidance expands on the list of characteristics to include five instead of four:
• Large size and multicenter design with (1) no single site providing an unusually large fraction of patients, and (2) no single investigator or site disproportionately responsible for the favorable effect seen;
• Consistency across key patient subsets, such as study populations that differ with respect to prior therapy, disease stage, age, gender, or race;
• Multiple studies in a single study, such as separate demonstrations of drug effectiveness as monotherapy and in combination with another drug; 7
• Use of multiple, important, prospectively identified primary or secondary endpoints, each representing a beneficial but different effect; and
• Statistically very persuasive findings.
Id. at 13-15. The guidance emphasizes that no one of these characteristics is necessarily determinative, but the presence of one or more in a trial might make it adequate to support an effectiveness claim. Id. at 13.
Also like the draft guidance, the final guidance emphasizes that reliance on a single trial is generally appropriate in situations involving mortality, irreversible morbidity, or a disease with a potentially serious outcome. The final guidance also states that approval based on data from a single trial would generally not be appropriate for a drug that provides only symptomatic benefit:
Whether to rely on a single adequate and well-controlled study is inevitably a matter of judgment. A conclusion based on two persuasive studies will always be more secure than a conclusion based on a single, comparable persuasive study. For this reason, reliance on a single study will generally be limited to situations in which a trial has demonstrated a clinically meaningful effect on mortality, irreversible morbidity, or prevention of a disease with potentially serious outcome and confirmation of the result in a second trial would be practically or ethically impossible. For example, sequential repetition of strongly positive trials that demonstrated a decrease in post-infarction mortality, prevention of osteoporotic fractures, or prevention of pertussis would present 7 Another FDA guidance notes that dose-response studies-which allow observations of benefits and risks at different doses-"can, in some cases, be particularly convincing and can include elements of internal consistency that, depending on the size of the study and outcome, can allow reliance on a single clinical efficacy study as evidence of effectiveness." FDA, Guidance for Industry: Exposure-Response Relationships-Study Design, Data Analysis, and Regulatory Applications 4 (April 2003), available at http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM07210 9.pdf. significant ethical concerns. Repetition of positive trials showing only symptomatic benefit would generally not present the same ethical concerns.
Id. The guidance also states that reliance on a single trial might not be appropriate when other data suggest that the drug is not effective. Id. at 15-16.
More recently FDA issued a draft guidance that specifically addresses when a single "non-inferiority" trial-a trial intended to show that a new treatment is not inferior to an active control-may be adequate to demonstrate effectiveness. Consistent with FDA's general guidance, the draft notes that two or more non-inferiority trials will "usually" be necessary to support effectiveness. But, "[w]hen the trials needed are very large (to have adequate statistical power) . . . this may become a significant problem and it is worth considering what might make a single trial persuasive." FDA, Guidance for Industry: Non-Inferiority Clinical Trials 14 (Draft Mar. 2010) available at http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/U CM202140.pdf. According to the draft, a single trial may be adequate where there is sufficient prior information about the new drug, or the trial generates statistically persuasive results. With respect to the first of these considerations, the draft guidance states that a single trial "might" be acceptable if the new drug is pharmacologically similar to the active control, there is a "very persuasive" biomarker confirming similar activity of the drug, or the drug has been shown to be effective in closely related clinical setting or related subpopulations (such as pediatric versus adult patients). With respect to the second consideration, a non-inferiority trial can be statistically persuasive if, for example, the new drug's effectiveness is shown to be very close to or superior to that of the active control. Id. at 14-15, 38-39.
For two specific types of drugs, FDA has indicated that one trial might be more routinely used to obtain approval: cancer drugs and certain antimicrobial drugs. For cancer, FDA's Oncologic Drug Products Division Director Dr. Richard Pazdur has said that one trial is "generally" used as a basis for approval.
8 Oncologic Accelerated Approval Best Based on Pivotal Trial Interim Analysis, THE PINK SHEET, June 26, 2006 (also noting that one trial in the oncology context "really represents multiple trials because it does usually have multiple endpoints" such as survival, time-to-progression, and response rate); see also Casodex SNDA "Not Approvable", THE PINK SHEET, June 24, 2002, at 7 (attributing to Dr. Pazdur statement that approval based on one global trial is the ultimate goal for oncology). For antimicrobial drugs to treat streptococcal infections, FDA has issued a draft guidance stating, "A statistically adequate and well-controlled multicenter trial should be performed establishing safety and effectiveness (i.e., similar or superior effectiveness to an approved product)." FDA, Guidance for Industry: Streptococcal Pharyngitis and Tonsillitis-Developing Antimicrobial Drugs for Treatment 2-3 (Draft, July 1998), available at http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/U CM071182.pdf. FDA's Anti-Infective Drugs Advisory Committee has also stated that sponsors of such drugs should be required to conduct only one trial if they use penicillin as the 8 FDA has also issued guidance on when data from a single clinical trial may support supplemental approvals for cancer drugs. See FDA, Guidance 
III. REVIEW OF PRODUCTS APPROVED BY FDA FROM 1998 TO 2011
To evaluate FDA's actual practice of approving new drugs based on effectiveness data from one clinical trial, we reviewed the summary basis of approval (SBA) documents for all new drugs approved by FDA from 1998 to 2011.
9 Of 394 products approved via NDAs and biologics license applications (BLAs), we identified 30 that were approved pursuant to FDCA section 505(b)(1) or section 351 of the Public Health Services Act, 42 U.S.C.
§ 262(a), based on effectiveness data from only one trial. 10 The attached chart provides additional details regarding these 30 "one-trial" products.
We identified these one-trial products by first reviewing the FDA-approved labeling for all NDAs for new molecular entities (NMEs) and all BLAs approved during the specified period, with the exception of blood processing products, diagnostic products, and vaccines.
11 For any products that included a description of only one clinical trial in the Clinical Studies section of the approved labeling, we then reviewed the SBA documents to confirm whether FDA's rationale for approval included consideration of additional trials. Two products approved during this period were not reviewed because the originally-approved labeling and SBA documents are not available on FDA's website.
12
9 The summary basis of approval (SBA) documents for Pulmozyme (dornase alfa) and Retrovir (zidovudine) have not been reviewed because they fall outside the period covered by this analysis. Contemporaneous reports indicate that Retrovir was approved based on the preliminary results of a single, phase II clinical trial that was stopped after demonstrating a dramatic reduction in deaths due to AIDS-related pneumocystis carinii pneumonia: 16 deaths in the placebo group compared to 1 in the treatment group. See Burroughs Wellcome's AZT to Be Standard Test Drug for AIDS Patients Who Have Had Pneumocystis Carinni Pneumonia, THE PINK SHEET, Sept. 22, 1986 , at 3; Burroughs Wellcome's AZT Marketing Plans Include Review Committee to Evaluate Appropriateness of the Drug Therapy for Individual Patients, THE PINK SHEET, Jan. 19, 1987, at 11; Burroughs Wellcome Retrovir Approval, THE PINK SHEET, Mar. 23, 1987, at 3. 10 We could not readily identify from the relevant SBA documents whether 4 of the products in the chart were approved under FDCA section 505(b)(1) or 505(b)(2). The products were Xeloda (capecitabine), Priftin (rifapentine), Temodar (temozolomide), and Cancidas (caspofungin acetate). The products were included, however, because none of the SBA documents referred to data derived from studies that were not conducted by or for the applicants and for which the applicants had not obtained rights of reference or use. See 21 U.S.C. § 355(b)(2). 11 Other analyses have identified one-trial products, but they were not designed to comprehensively identify drugs approved on the basis of a single study. See, e.g., Tufts Ctr. . . commonly referred to as 'the two adequate and well-controlled studies' standard"). 12 The 2 products are Gamunex (immune globulin intravenous (human)) and Flebogamma (immune The 30 products described in the chart were the only products reviewed that appear to have been approved on the basis of effectiveness data from one clinical trial. Products were not included in the chart if FDA primarily relied on one trial, but described additional trials as "supportive" or "confirmatory" of effectiveness.
13 Though the chart includes two products for which there are results from two trials, the second trial for each product was an extension study that evaluated the same subjects who participated in the original clinical trial.
The SBA documents for the 30 products generally do not mention either FDA's statutory authority to approve drugs on the basis of one clinical trial plus "confirmatory evidence" or its guidance on the circumstances in which approval may be based on one clinical trial. See 21 U.S.C. § 355(d); Clinical Evidence of Effectiveness Guidance, supra. Two exceptions are: (1) the clinical review for Xeloda (capecitabine), which referred to the then-draft version of the guidance; and (2) the clinical review and a division director memorandum for Tyzeka (telbivudine), which stated that effectiveness was demonstrated in a large trial designed to be consistent with FDAMA and the final guidance.
The following summarizes the results of the review: • 3 products were approved on the basis of extremely large trials (13,000 to 18,000 patients each) that demonstrated reduced risk for cardiovascular events such as cardiovascular death, MI, stroke, and embolism • 3 products were approved to treat various infectious diseases (pulmonary tuberculosis, invasive aspergillosis, chronic hepatitis B) and 1 more for sepsis; there were several common themes among the trials for these 4 products: → Large trials (500 to 1,300 patients each) for 3 of the products → Active-or historically-controlled trials demonstrating an improvement over existing therapies for the 3 infectious diseases, and a "powerful" globulin intravenous (human)). 13 Several products were identified during the review that had approved labeling which described only one clinical trial, but SBA documentation referring to additional trials that "supported" their effectiveness. These products included Eloxatin (oxaliplatin) for carcinoma of the colon or rectum, Iressa (gefitinib) for non-small cell lung cancer, Revlimid (lenalidomide) for transfusion dependent anemia, and Tykerb (lapatinib ditosylate) for breast cancer. 
→
The final 2 products were both for orphan indications; the approvals were based on smaller trials with p-values < 0.001: -Arcalyst is for an autoimmune disease (cryopyrin-associated periodic syndromes, or CAPS); the SBA notes that the sponsor worked with FDA to design a trial that would support approval; the trial had about 50 patients, and demonstrated improvement over placebo with a p-value < 0.0001 -Banzel is for a severe form of epilepsy (Lennox-Gastaut Syndrome, or LGS); the SBA notes that the results were "clearly and overwhelmingly positive, robust to numerous analyses"; the trial had about 130 patients, and demonstrated improvement over placebo for multiple endpoints, with p-values ranging from < 0.0001 to 0.0041
IV. CONCLUSION
For a new drug to be approved under section 505(b)(1), FDA must find "substantial evidence" of effectiveness. 21 U.S.C. § 355(d). Section 505(d) defines substantial evidence as evidence consisting of "adequate and well-controlled investigations," which FDA has interpreted since 1963 "ordinarily" to require data from two or more clinical trials. Section 115(a) of the Food and Drug Administration Modernization Act of 1997 (FDAMA) amended section 505(d) to provide that FDA "may" find a new drug effective based on data from one clinical trial plus "confirmatory evidence." 21 U.S.C. § 355(d).
The agency has issued guidance stating that a single trial may be sufficient if it has "one or more" of the following characteristics: large size; multicenter design; consistency across key patient subsets; multiple "studies" of drug effectiveness within the single trial; use of multiple endpoints each representing a beneficial but different effect; and statistically very persuasive findings. FDA has also stated that reliance on a single trial will generally be limited to drugs with an effect on mortality, irreversible morbidity, or disease with potentially serious outcomes, so that confirmation of the results in an additional trial would be practically or ethically impossible. FDA has further asserted that approval based on a single trial would generally not be appropriate for a drug that provides only symptomatic benefit.
FDA approved 30 new drugs and biological products on the basis of effectiveness data from only one trial from 1998 to 2011, out of a total of 364 products. "In support of the indication for treatment of newly diagnosed uncomplicated pulmonary tuberculosis, the applicant has submitted a single pivotal study . . . ." (8) "Since a single pivotal trial has been accepted by the FDA for submission, it is of interest to comment that the CDC is currently conducting a trial designed to study the use of rifapentine/INH (once weekly) versus rifampin/INH (twice weekly) during the continuation phase of therapy (month 3 through 6) for patients with acute pulmonary tuberculosis. . . . . This study will lend additional information regarding the most effective regimen for rifapentine upon its completion and analysis." (8) A single study might have been acceptable to FDA because Priftin required less frequent dosing than other products and there was a need for such products:
"With the increasing need for directly observed therapy (DOT) to assure patient compliance, a therapeutic regimen which requires less frequent dosing is desirable." (6) "There is a need for new anti-tuberculosis medications, and for medications which will potentially increase the adherence to dosing thereby decreasing the potential for the development of resistant organisms." (8) Additional uncontrolled trials were also described, but the relevance of these studies was not explicitly addressed in the SBA:
"Clinical trials (non-IND) conducted outside of the United States studied the use of Thymoglobulin for the prevention or treatment of allograft rejection following kidney, heart, liver, and pancreas transplantation. Reported rates of reversal for acute rejection ranged from 78% to 100% for all types of rejection and from 74% to 94% for steroid-resistant renal rejection."
Approved Labeling:
Refers to one, "controlled, "The applicant is requesting accelerated approval based on an objective tumor response rate in patients for whom there is no satisfactory available therapy . . . . There were 54 such patients in the sponsor's C/I94123 trial."
*NOTE: Data from additional trials were reviewed for glioblastoma multiforme, metastatic malignant melanoma, and nonrefractory anaplastic astrocytoma; these data were not referenced in the medical officer's conclusions regarding anaplastic astrocytoma.
A single study might have been acceptable to FDA because there was an "urgent need" for effective chemotherapy in this indication:
"In recurrent disease, no standard of care for . . . AA histology exists." (13) " [T] here is an urgent need for new and effective therapies in recurrent glioma." (14) "The search for effective chemotherapy for individuals with recurrent high-grade malignant glioma is one of the priorities in oncology. It is important to find an agent that is not only effective, but has an acceptable safety profile, does not adversely impact patients' quality of life, and is easy to administer." (14)
Acting Director Comments:
"The effectiveness of temozolamide in this indication is supported by Study C/I94123 . . ."
Refers to one, "single arm, multicenter study."
-25 - Includes review of "efficacy" data from both a P2 study and a P3 study, but states that the objective of the P2 study was to "identify the effective dose range and dose duration." The P2 study involved 131 subjects at 40 centers and the results demonstrated a -5% mortality difference (p=0.55).
The SBA does not expressly state that the P3 study was the only study supporting approval, but does suggest that a single study might have been acceptable because of its size, statistical significance, and demonstration of mortality benefit: "The PROWESS trial had 1690 patients and a p value of 0.005 on the prospectively defined primary endpoint. This places it among the most powerful demonstrations of mortality benefit in the history of clinical trials. (Indeed, more powerful demonstrations are improbable as data monitoring committees tend to stop trials for ethical reasons when strong mortality differences occur as happened in this case." (143) Approved Labeling: "Alpha Therapeutics submitted one clinical trial in support of licensure." (1) A single study might have been acceptable to FDA because this drug is used as replacement therapy for a serious hereditary deficiency:
"Patients with [α 1 -PI deficiency] have a high risk for the development of emphysema in the third to fifth decades. Some patients also develop liver disease, which is not thought to be ameliorated by augmentation therapy with α 1 -PI." (1)
Product Information Sheet:
Refers to one clinical study.
-28 - "Crosseal™ was evaluated in a pivotal Phase III . . . study." (9) The SBA does not suggest why a single study was acceptable to FDA, but it does address the possible criticism that data from one site was disproportionately responsible for the favorable effect seen:
"Center effects are to be expected in multicenter studies, particularly in surgical indications. Data from one center, which used a specific control agent, made a major contribution to this result. However, of the sixteen surgeons who treated more than one patient in this study, ten found the time to hemostasis to be equivalent to, or shorter than that achieved with some of the control agents." (9 The review included data from a controlled trial (AGAL-1-002-98) and an open label extension study (AGAL-005-99) where the active patients from the controlled trial continued treatment and the placebo patients began treatment. The interim results of the extension study (6 months of 18 planned) were analyzed in the review.
"The results of AGAL-005-99 support the conclusion from AGAL-1-002-98 that [Fabrazyme] causes a reduction in capillary endothelium of the kidney, heart, and skin." (71) A single study might have been acceptable to FDA because this drug is used as replacement therapy for a serious hereditary deficiency, which might lead to growth retardation, delay of puberty, lymphedemia, skeletal deformities, renal disease, and neurological syndromes. "The median age of death for hemizygous males is 50 years." (4) Division of Clinical Trial Design and Analysis Memorandum:
"The study submitted by Genzyme is an adequate and wellcontrolled clinical trial which demonstrated an effect of agalsidase beta on substrate accumulation within certain cell types." (2)
Refers to results from both the "randomized, double-blind, placebo controlled, multinational, multicenter study of 58 Fabry patients" and the "open-label extension study." The review included data from a randomized trial and an open label extension study where the active patients from the randomized trial continued treatment and the placebo patients began treatment. The interim results of the extension study (24 weeks for all endpoints, 36 weeks for FVC and 6MW) were analyzed in the review, which states:
"No conclusion can be drawn from these uncontrolled and unblinded data with a small clinical effect." (110).
A single study might have been acceptable to FDA because this drug is used as replacement therapy for a rare, serious hereditary deficiency and there was a lack of alternative treatments:
"Given the lack of alternative treatments in a rare disease with severe or fatal consequences, this reviewer recommends approval of laronidase, supported by the evidence of efficacy in the co-primary endpoints [FVC and 6MWT] and favorable trends in subsets of MPS I in secondary endpoints." (113) Approved Labeling:
Refers to one, "randomized, "One single-blind, randomized, controlled trial, demonstrating the efficacy and safety of Alimta in combination with cisplatin . . . has been submitted and reviewed." (311) A single study might have been acceptable to FDA because there was a lack of alternative treatments, as well as the study's size and multicenter design:
"The combination of Alimta plus cisplatin is the first chemotherapeutic regimen to demonstrate a survival benefit in malignant pleural mesothelioma in comparison to a control regimen." (311) "Although a single randomized trial supports this NDA, this trial was multi-institutional with over 88 study centers enrolling over 574 patients and is the largest randomized study ever conducted in this disease." (Division Director Memorandum, 7)
Refers to one, "multi-center, randomized, single-blind study." Cohort 1 ("low dose" regimen): 3.0 ± 1.3 cm/yr change in HV (95% C.I.: 2.3-3.7) (p<0.0018); 0.5 ± 0.4 change in SDS (p<0.002) Cohort 2 ("high dose" regimen): 6.6 ± 2.6 cm/yr change in HV (95% CI: 4.6-8.6) (p<0.0001); 0.4 ± 0.3 change in SDS (p<0.001) Medical Officer Review:
Iplex
"Mecasermin rinfabate has been studied in one clinical trial . . . ." (7) A single study might have been acceptable to FDA because this drug is used as replacement therapy for a rare hereditary deficiency:
"It is important to recognize that GHIS is an extremely rare disease. Clinical Review "Given the large number of planned subjects (n=1200) for the LdT Phase 3 trial and the separate analyses planned from HBeAgpositive and HBeAg-negative subjects, the Division agreed to a single, large, Phase 3 study. Essentially, NV-02B-007 was designed to have a target study population and size equivalent to the study population and size usually associated with two registrational HBV treatment trials. . . . Specific analysis and other considerations were also necessary for the Division to accept a single Phase 3 registrational study." (19) "The primary source of clinical safety and efficacy data was derived from Study NV-02B-007 . . . . Additionally, data generated during the Phase 2b dose-finding study, NV-02B-003, and its follow-on study, NV-02B-010, were also reviewed, primarily for safety." (25) "The pivotal Phase 3 study, NV-02B-007, was designed to meet the Food and Drug Administration Modernization Act (FDAMA) of 1997 criteria for one adequate and well-controlled clinical trial (plus confirmatory evidence) using appropriate endpoints and efficacy analysis." (42 "The efficacy of telbivudine was demonstrated in a large phase 3 trial . . . . Although the Globe study was a single study, it was designed so that each patient group would be analyzed separately and is consistent with regulatory guidance regarding the use of a single study for registration. Specifically the study was multicenter, incorporated a type-one error of <0.001, studied a range of chronic hepatitis B baseline characteristics, and evaluated multiple endpoints (virologic, serologic, histologic, and changes in transaminases), which were all concordant." (2)
Refers to one, "international active-controlled, clinical study." 
"The results of the randomized, controlled trial provide substantial evidence of efficacy . . . ." (10) Data from an additional P2 trial "was used to support the safety of temsirolimus, but not efficacy because it was a dose-finding study, and not a controlled trial." (27) A single study might have been acceptable to FDA because there were limited treatment options for patients with this type of cancer:
"Even with multimodality therapy, the median survival of patients with metastatic disease remains low at 10-12 months with long-term survival occurring in only 2% of these patients." "Due to the rarity of the disease, the applicant requested that they be required to perform only one adequate and well-controlled study of Arcalyst. Working with the Agency, Regeneron designed a twophase study that allowed replication of the results to provide more compelling support of the effectiveness of the product in a single trial. The Agency approved the use of this trial as the sole support for efficacy in the application." (2) "As noted above, the applicant was only required to perform one adequate and well-controlled clinical trial, but worked with the Agency to design a trial that would provide some degree of internal replication of the efficacy results." (6) Officer "With regard to Lennox-Gastaut Syndrome, however, I believe, upon further reflection, that the sponsor has presented substantial evidence of effectiveness for this indication. Although we had originally concluded that the evidence was not adequate to support such a claim…I think that the sponsor has provided substantial evidence of effectiveness, as provided by a single adequate and well-controlled trial and confirmatory evidence.
…First, the study is clearly and overwhelmingly positive, robust to numerous analyses. This is an unequivocal conclusion (even in the face of the previously mentioned baseline imbalance in seizure frequency)…Lennox-Gastaut Syndrome is a devastating seizure syndrome, and although other drugs carry this indication, as noted by Dr. Hershkowitz, these drugs are not without significant toxicities, and additional therapies are clearly needed for this condition.." (7-8) Efficacy was based on a single study designed with input from FDA under a special protocol assessment.
Summary Review:
"The application is based on a single study which was conducted under a special protocol assessment agreement. Because of the rarity of PTCL and the absence of effective therapies for patients with relapsed or refractory PCTCL it was a greed that depending on the magnitude of the response rate, the duration of response, and the risk benefit ratio, a single study in at least 100 patients may be sufficient to support approval." (2) A single study might have been acceptable to FDA because there were limited treatment options for patients with this type of cancer:
"There are no approved agents for treatment of relapsed or refractory PTCL, thus there is an unmet medical need for new agents. The response rate reported by the sponsor was 27% (95% CI: 19-36%). However, due to the major concerns elaborated in Section 3.1.5, the duration of response cannot be accurately estimated by KaplanMeier method. Instead, the FDA proposed a response rate for those responses being confirmed to last at least 14 weeks, and such durable response rate was 12% (95% CI: 17-20%). An ODAC meeting was held on Sep 2, 2009 to discuss whether or not the results of this single arm trial demonstrate a favorable benefit-risk profile for pralatrexate in the treatment of patients with refractory or relapsed PTCL. The ODAC voted in favor of the approval of pralatrexate (10 vs 4) as there is an unmet need in this population. and believed that pralatrexate may produce durable response in a small subpopulation of PTCL patients." (8)
Officer Director Memo:
"Although the trial supporting this application was a single arm nonrandomize trial, the magnitude of pralatrexate treatment…was considered likely to predict clinical benefit in patients with PTCL, a rare disease without currently available therapies." (8) Long-term efficacy measured using the last reported plasma ammonia level for each of the 13 patients analyzed (median length of treatment was 6 years; range 1 to 16 years). The mean and median ammonia levels were 23 μmol/L and 24 μmol/L, respectively, after a mean treatment duration of 8 years.
"The efficacy of carglumic acid was assessed using clinical information from 23 patients that was collected retrospectively from chart reviews. Clinical information from three additional patients treated on an ongoing, phase 2 study conducted by Mendel Tuchman at the Children's National Medical Center, Washington, DC, was considered supportive." (2) A single retroactive analysis might have been acceptable to FDA because the drug treats an extremely rare hereditary disease:
"Although the retrospective case series data submitted in this NDA are not derived from traditionally defined adequate and well controlled investigations, the plasma ammonia level data submitted for review do stand as evidence on the basis of which it could fairly and responsibly be concluded by experts that the drug will have the effect it purports or is represented to have." (1) Medical Review:
"The Applicant did not provide any data from prospective, controlled trials to support the efficacy and safety of carglumic acid, and stated that prospective trials were not feasible due to the rarity of NAGS deficiency." (35 of 191) Approved Labeling:
Refers to one retrospective review of the clinical course of 23 NAGS deficiency patients who received Carbaglu for a median of 7.9 years. "This application is supported by the results of a randomized, placebo-controlled multicenter trial…" (2)
Medical Review:
"No clinical studies were submitted as supplemental evidence during the review." (23) A single study might have been acceptable to FDA because there were limited treatment options for and a poor prognosis for patients with this type of cancer, as well as the large size and statistical power of the result:
"Because of the improvement in overall survival described below, this application is being given an expedited review. This review will summarize the design and results of the randomized trial and the recommendations of each review discipline." (2)
Referencing "a randomized, placebo-controlled, multicenter phase 3 clinical trial." Brilinta (ticagrelor) There was substantial controversy over whether to approve Brilinta on the basis of the one clinical trial due to a significant regional discrepancy in results from the U.S. and Europe. The clinical analysis focused on this issue rather than on why one trial was sufficient as opposed to two, but the extremely large size of the trial might have been factor.
Referring to "the large outcome trial intended to support approval" (2)
"The clinical evidence for the effectiveness of brilinta is derived from PLATO a randomized double-blind study comparing brinlinta to clopidogrel."
